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I nd ia  stands second among the s i l k  producing countr ies o f  the World The s i l k  
production process which spans across both the agr icu l tura l  and i ndus t r i a l  
sectors, involves a ser ies o f  operations s ta r t i ng  from silkworm seed production, 
rear ing o f  cocoons using mulberry leaves, ree l ing  o f  the cocoons i n t o  raw s i l k  
yarn, tw is t ing  o f  the raw s i l k  yarn, and f i n a l l y ,  weaving o f  the tw is ted yarn 
t o  get the f i n a l  fabr ic.  I n  Ind ia ,  these operations are performed i n  separate 
independent segments and there  i s  very l i t t l e  v e r t i c a l  i n t e g r a t i o n  o f  t h e  
industry Also, a l l  these segments mostly belong t o  the unorganized sector The 
states o f  Karnataka and Andhra Pradesh account f o r  more than 80% n f  the Indian 
Silk Production. 
Recently, a study o f  the economics o f  operations i n  each o f  the f i ve  segments of 
the s i l k  industry (seed production, rearing, reel ing, tw is t ing  and weaving) was 
uridertakerr a t  the Department o f  Management Studies, Indian I n s t  I t u t e  o f  Science, 
as par t  o f  a research pro jec t  sponsored by the Central S i l k  Board, Government o f  
Ind ia  Extensive primary data was col lected from the states o f  Karnataka and 
Andhra PI adesh through quest ionnai res and personal interviews from 312 s l  1 kworm 
rearers, 163 cocoon reelers, 28 licensed seed producers, 13 twfs ters  and 34 
weavers From the resu l t s  o f  t h i s  project,  i t  was observed t ha t  spec i f i ca l l y  
the s i l k  yarn ree l ing  sector i s  the one which i s  economically unsound and 
sub~ec t  t o  the vagaries of  the market This i s  also endorsed by the publ icat ions 
o f  the  Central S i l k  Board, i n  which i t  i s  observed that  the ree l ing segment gets 
only 6 8 percent o f  the overa l l  share i n  the p r i ce  paid by the consumer f o r  the 
ul t imate s i l k  fab r l c  It was found tha t  i n  the ree l ing  sector large 
sums o f  working cap i ta l  I s  required f o r  the day t o  day operations and tha t  
working cap i t a l  accounts f o r  more than 90% o f  the cost o f  the s i l k  yarn The 
study also indicated tha t  there was considerable var ia t ion i n  the fjnancial 
performance as a resu l t  o f  uncerta int  les prevai 1 ing i n  the production parameter s 
i n  the  ree l ing  segment Keeping the  above factors i n  mind, thp p r n ~ w s e a l ~ h  - 
work focusses upon some o f  the uncerta int ies and economic issues re la ted t o  the 
s i l k  ree l ing industry 
The primary data col lected from the 163 reelers ( ree l ing  un i t s )  as par t  the 
sponsored p r o j e c t  contained i n fo rma t i on  on (a )  I n d i v i d u a l  p r o f i  l e s ,  (b) 
product ion parameters, (c) cost information and d) revenue information Since 
the s ize o f  operation i n  terms o f  number o f  ree l ing  basins (capacity) var ied 
across the ree l ing uni ts,  a l l  the information re lated t o  costs and revenue o f  
each ree l lng u n i t  was converted t o  a standard "per day per basin' concept After 
standardising, it was found t ha t  data f o r  6 reelers had spurious information 
regarding some o f  the a t t r i bu tes  As a resu l t ,  they were t reated as "ou t l i e r s '  
and were el iminated from the data set  leaving a t o t a l  o f  157 data records for  
ana 1 yses 
As a f i r s t  step i n  the process o f  analysing the performance o f  sdlk ree l lng  
industry, 15 parameters were i d e n t i f i e d  as adequate t o  study the ree l lng  segment 
i n  greater d e t a i l  The v a r i a b i l i t y  and oncerta int ies associated w i t h  these input 
parameters a f fec t ing  the f inanc ia l  performance o f  the s i l k  ree l ing  Industry were 
studied by characterizing them i n t o  e i t he r  standard s t a t i s t i c a l  d i s t r i bu t i ons  o r  
empirical d i s t r ibu t lons  using the observed f i e l d  data A number o f  attempts were 
made t o  see i f  these parameters could be characterized i n t o  ce r ta in  standard 
s t a t i s t i c a l  d i s t r ibu t lons  such as Exponential, Gamma, Normal o r  Log-Normal 
d is t r ibu t ions  w i t h  adequate s t a t i s t i c a l  support f o r  the goodness o f  f i t  From 
the analysis car r ied out, i t was found t ha t  out o f  the 15 input parameters 
considered, 11 could be characterized I n to  standard s t a t i s t i c a l  d i s t r l bu t i ons  
These were va l i da ted  us ing t e s t s  o f  goodness o f  f I t  The remain ing f o u r  
parameters were characterised as empir ical (observed) d i s t r i bu t i ons  
A simulat ion model i s  developed f o r  studying the e f f e c t  o f  uncer ta in t ies  or 
changes i n  these i npu t  parameters on t h e  t o t a l  c o s t ,  t o t a l  r e v e n u e  and 
therefore the net p r o f i t  i n  ree l ing  operations The s t a t  istlcal d15t.r lhut ion5  
derived from f i e l d  data were used as the basis f o r  t h i s  work. A computer program 
was wr i t ten  i n  ' C '  language t o  generate the input  random var iates from the 
respective s t a t i s t i c a l  d i s t r lbu t lons  o r  the empirical d i s t r ibu t ions  i d e n t i f i e d  
ear l  ~ e r  A set o f  funct ional  equations were bui 1 t i n t o  the model f o r  computing 
t o t a l  cost, t o t a l  revenue and hence the net revenue f o r  a given set o f  input  
parameters Thereby, the p r o f i t a b i l i t y  o f  operations o f  the ree l ing  u n i t  i s  
simulated f o r  each set o f  generated input variables Using a standard c r i t e r i a  
as a stopping ru le,  the simulat ion runs were terminated a f t e r  about 900 runs. 
Then, the "steady state" and the associated performance measures are obtained 
I t  was observed t ha t  the net  p r o f i t  f o r  ree l ing un i t s  would vary from a negative 
Rs 1357/- t o  a pos i t ive  Rs 999/- per day per basin The average net  revenue 
was found t o  be s t a b i l i z i n g  a t  around a negative Rupees 67/- per day per basin 
This implies t ha t  the reelers would lose about Rs 67/- per day per basin on an 
average, as a resu l t  o f  the v a r i a b i l i t y  and uncertainties preva i l i ng  i n  the 
input  parameters Based on the  s i m u l a t i o n  runs, t h e  p r o b a b i l i t y  o f  t h e  
reelers get t ing a pos i t i ve  p r o f i t  was found t o  be low a t  0 47 Tradi t ional  
t - tes ts  were car r led out and Confidence In te rva ls  were constructed i n  order t o  
t es t  whether there i s  any s i gn i f i can t  d i f ference i n  the observed and simulated 
data f o r  a l l  the input parameters This analysis endorses the f ac t  tha t  the 
reelers, who play a key ro le  i n  converting the cocoons i n t o  raw s i l k  yarn are 
not get t ing t h e ~ r  due share I t  may be noted here tha t  ree l ing  i s  the only 
segment of the s i l k  industry which has t o  par t i c ipa te  i n  an open auction market 
mechanfsm f o r  both t h e  purchase o f  i t s  raw mater la l  and the sale o f  i t s  product 
Having developed a basic simulat ion model, the e f fec t  o f  s h i f t s  i n  parameters 
l i k e  (i) rend i t ta  (a measure o f  y ie ld )  and (ii) reeler/labour product iv i ty  on 
the p r o f i t a b i l i t y  were analysed i n  the stochastic framework so as t o  b r ing  I n  
the concept o f  standardization o r  t o  get some benchmarks which could r esu l t  I n  
sustained p r o f i t a b i l i t y  The rend i t ta  was varled from 8 Kg o f  cocoons per  Kg  of 
s i l k  t o  12 Kg while the labour product iv i ty  was varied from 0 8 Kg o f  s i l k  yarn 
per basin per day t o  1 8 Kg. The use of the simulat ion model i n  the framework of 
What i f '  scenario analysis resulted i n  the fo l lowing observation Other th ings 
being held equal, e l t he r  (i) there has t o  be a downward s h i f t  i n  the average 
value o f  the rend i t ta  t o  get be t te r  p r o f i t a b i l i t y ,  w i t h  a maximum value o f  about 
9 6 f o r  break-even o r  (i i) there has t o  be an upward s h i f t  i n  the average value 
o f  product iv i ty  (minimum o f  about 1.32 Kg o f  s i l k  yarn per basin per day), so 
t ha t  r e e l i n g  becomes p r o f i t a b l e  i n  t h e  co t t age  i n d u s t r y  s e c t o r .  As a s t e p  
forward, the task o f  in tegrat ing the technical qual i t y  character is t ics  o f  the 
cocoons as evaluated I n  the laboratories o f  the research i n s t i t u t e s  w i t h  the 
parameters o f  the simulat ion model was attempted The Central S l l k  Technological 
Research I ns t i t u t e ,  Bangalore, ca r r ies  out  rout ine t es t s  on cocoon qua l i t y  
character is t ics  and the s i l k  yarn ree l ing  character is t ics  f o r  random samples 
from d i f f e r e n t  places Some o f  the parameters g e n e r a l l y  dna lysed i n  these  
laboratory tes ts  are Shel l  Ratio, Rendltta, Filament Denier, Average Filament 
Length, Waste Percentage on S i l k  Weight, Defective Cocoon Percentage, Average 
Non-Breakable Filament Length and Raw S i l k  Recovery Using these secondary data, 
i t  was decided t o  exp lore  whether any s t a t i s t i c a l  r e l a t i o n  e x i s t s  between 
r e n d l t t a  and the  o ther  techn ica l  q u a l i t y  c h a r a c t e r i s t i c s  I t  was observed 
through a stepwise regression model, t h a t  f i v e  o f  these  cocoon qua l  i t y  
parameters namely, Waste Percentage on S l l k  Weight, Average Non-breakable 
Fllament Length, Shel l  Ratlo, Defective Cocoon Percentage and Fllament Denier 
are adequate t o  pred ic t  the rend i t ta  wi th a f a i r  degree o f  accuracy These 
I d e n t i  f l e d  cocoon qual i t y  c h a r a c t e r i s t i c s  were t hen  embedded I n t o  t h e  
simulation model as input variables Using the estimated rend i t ta  and the steady 
state values of the parameters, the resul tant  net revenue was estimated uslng a 
spread sheet software. This analysis, which i s  exploratory i n  nature, provides 
u s e f u l  i n s ~ g h t s  r e g a r d i n g  t h e  e f f e c t  o f  changes i n  cocoon q u a l i t y  
character ist ics on the profitability i n  ree l ing  Further, s e n s i t l v l t y  analyses 
was performed by changing one cocoon qua l i t y  parameter a t  a t lme and k e e p l w  'hp 
other four constant t o  get an ins ight  on the marginal e f f e c t  o f  changes i n  these 
qua l i t y  parameters on the profitability i n  s i l k  ree l ing 
As observed ear l i e r ,  the ree l ing un i t s  require huge amounts o f  working cap i ta l  
f o r  buying the cocoons (raw material) and holding inventories o f  cocoons and 
s i l k  yarn The amount o f  working cap i ta l  also depends on the s ize of the 
reel ing uni ts,  the frequency o f  v i s i t s  t o  the cocoon markets f o r  buying and the 
frequency o f  v i s i t s  t o  the s i l k  (yarn) exchange f o r  s e l l i n g  As a  resu l t ,  
in terest  costs on working cap i ta l  could play a  prominent r o l e  i n  determining the 
p r o f i t a b i l i t y  of  r e e l i n g  operat ions To analyse i t s  e f f e c t ,  an Operat ions 
Research approach was considered w i th  the fo l lowing questions Suppose, there i s  
a  cer ta in  amount o f  working cap i ta l  avai lable w i th  a  ree l ing  u n i t  a t  a  speci f ic  
in terest  rate, what would be the optimal revenue tha t  can be obtained during a 
spec i f ic  planning hor i  tono How does the net pro f  i t a b ~  1 i t y  vary, w i th  changes i n  
the a v a i l a b i l i t y  o f  working c a p i t a l  and i n t e r e s t  r a t e s ?  What i s  t h e  i d e a l  
working cap i ta l  tha t  i s  needed f o r  a ree l ing u n i t  so tha t  it could perform 
optimally I n  i t s  buying, se l l l ng  and inventory strategies 7 To answer some o f  
these dec is ion problems t y p i c a l l y  faced by t h e  r e e l i n g  u n i t s ,  a  L i nea r  
Programming model was developed. The resu l ts  obtained by the use o f  t h i s  Linear 
Programming model provide ins ight  on how the net p r o f i t a b i l i t y  and working 
cap i ta l  requirements vary f o r  d i f f e ren t  combinations o f  rend i t ta  and labour 
product iv i ty  
This study focuses mainly on analysing u n c e r t a i n t i e s  and p r o f i t a b i l i t y  o f  
operations i n  the s i l k  ree l ing industry I t  i s  believed tha t  the resu l ts  o f  the 
study would help the Central and the State Governments I n  po l icy  formulations as 
we1 1 as the s i  1  k reel  ing entrepreneurs i n  operational planning decisions 
